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Background: Diabetes is known as a major cause of morbidity and mortality worldwide.
Portugal is known as the European country with the highest prevalence of this disease.
While diabetes prevalence data is updated annually in Portugal, the General Practitioner’s
(GP)  Sentinel Network represents the only data source on diabetes incidence. This study
describes the trends in Diabetes incidence, between 1992 and 2015, and estimate projections
for  the future incidence rates in Portugal until 2024.
Methods: An ecological time-series study was conducted using data from GP Sentinel Net-
work between 1992 and 2015. Family doctors reported all new cases of Diabetes in their
patients’ lists. Annual trends were estimated through Poisson regression models as well  as
the  future incidence rates (until 2024), sex and age group stratiﬁed. Incidence rate projec-
tions  were adjusted to the distribution of the resident Portuguese population given Statistics
Portugal projections.
Results: The average increase in Diabetes incidence rate was in total 4.29% (CI95% 3.80–4.80)
per  year under study. Until 1998–2000, the annual incidence rate was higher in women, and
from 1998–2000 to 2013–2015 turn out to be higher in men. The incidence rate projected for
2022–2024 was 972.77/105 inhabitants in total, and 846.74/105 and 1114.42/105, respectively,
in  women and men.Please cite this article in press as: M. de Sousa-Uva, et al., Trends in diabete
General Practitioner’s Network study, Prim. Care Diab. (2016), http://dx.doi
Conclusions: This is the ﬁrs
The disturbing reported p
effective public health pol
scenario.
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t study in Portugal to estimate diabetes incidence rate projections.
rojections seem realistic if things continue as in the past. Actually,
icies will need to be undertaken to minimize this alarming future
re Diabetes Europe. Published by Elsevier Ltd. All rights reserved.
Ltd. All rights reserved.
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1.  Introduction
Diabetes Mellitus (DM) is a chronic disease characterized by
high levels of blood glucose, that develops either from the
destruction of insulin-producing cells (type 1 diabetes) or
when body tissues become resistant to the action of insulin,
even in a state of circulating hyperinsulinemia (type 2 dia-
betes) [1]. Type 1 DM is an auto-immune condition that usually
develops in childhood or adolescence, while type 2 DM devel-
ops in adulthood and is associated with obesity, physical
inactivity and unhealthy diet. The latter represents 90% of the
global cases of diabetes [2,3].
DM is known as a major cause of morbidity and mortality
worldwide, being one of the main responsible for the global
burden of disease [4]. It is the leading cause of blindness, kid-
ney failure and amputation worldwide [5], and is responsible
for causing cardiovascular problems that lead to 50–80% of
deaths in people with diabetes [6]. The prevalence of DM in
Portugal in 2014 was estimated at 13.1% (10.8% in women and
15.8% in men) [7] and Portugal is known as the European Union
country with the highest prevalence of this chronic disease
[8].
While prevalence data is updated annually, based on
the 2010 PREVADIAB nationwide study [9], and taking into
consideration demographic changes, diabetes incidence has
garnered less attention as a health indicator. The General
Practitioner’s (GP) Sentinel Network (GP Sentinel Network)
represents, in Portugal, the only data source on diabetes inci-
dence, since 1992 to nowadays.
Thus, this study aimed to gain insight into the DM inci-
dence trends, between 1992 and 2015, in the Portuguese
population under observation of the GP Sentinel Network,
as well as to make projections for the future incidence rates
based on this knowledge.
2.  Methods
GP Sentinel Network is a network based on the volunteer
work of General Practice/Family Medicine doctors whose pro-
fessional activity is developed in primary healthcare centers
of the Portuguese National Health System. These doctors
report several health events, agreed each year. Between
1992 and 2015 (except 2001 and 2002), family doctors from
GP Sentinel Network reported all new cases of DM (both
types 1 and 2) in their patients’ lists. Diabetes case def-
inition used was based on Directorate-General of Health
(DGS) guidelines for clinical practice [10]. From 1992 to
1995 the GP Sentinel Network covered only Portuguese
mainland, but since 1996 and 1997 Madeira and Azores
(Portuguese islands) began, respectively, participation in the
network.
An ecological time-series study was conducted using data
from the GP Network between 1992 and 2015, with exception
of the years 2001 and 2002.Please cite this article in press as: M. de Sousa-Uva, et al., Trends in diabete
General Practitioner’s Network study, Prim. Care Diab. (2016), http://dx.doi
Every year GP’s update the composition of their patients’
lists, taking into account some users characteristics such as
age and gender, which represent variables also considered in
this study.x x x ( 2 0 1 6 ) xxx–xxx
The annual DM incidence rates were calculated divid-
ing the observed number of new cases by the population
under effective observation from the GP Network during the
years under study. The population under effective observa-
tion (PUEO) is the annual average of the GP’s patients’ list
weekly sum: PUEOt =
∑M
m=1NmItm, where Nm is the number
of patients composing the GP m list; and Itm is a variable that
takes the value 1 if the doctor m was active in week t, and 0
otherwise. They were only considered the patients’ lists from
the GP’s who were active on each week (which means those
that reported cases, even if they were of zero). The popu-
lation under effective observation used as the denominator
for the annual incidence rate is the average of the PUEO in
the 52 weeks of the year, namely: PUEOyear =
∑T
t=1PUEOt/52.
The population under effective observation varied between
231,292 in 1991 and 37,363 in 2015. The incidence rate esti-
mates are presented per 100,000 inhabitants, per triennium,
and disaggregated by sex and age group. The triennium
2001–2003 have only data for 2003, since the new cases of dia-
betes were not reported by the GP network in the years 2001
and 2002.
Poisson regression models were used to estimate the
annual trends from 1992 to 2015. The observed incidence rates
were then adjusted for the Portuguese population distribu-
tion, according to estimates from the Statistics Portugal [11].
The incidence rate projections from 2015 to 2024, sex and age
group stratiﬁed, were also estimated using Poisson Regression
models as proposed by Hakulinen and Dyba [12]. Incidence
rate projections were then adjusted to the resident Portuguese
population distribution given the Statistics Portugal projec-
tions [13]. Prediction intervals for the projected rates were
calculated based on the work of Dyba and Hakulinen [14]. Pear-
son goodness of ﬁt statistic and residual analysis were used to
assess the goodness of the ﬁtted models.
3.  Results
3.1.  Total  and  sex  stratiﬁed  incidence
In the ﬁrst triennium under study, 1992–1994, the annual
incidence rate was 261.7/105 inhabitants, and in the last tri-
ennium, 2013–2015, was 630.42/105 inhabitants (Fig. 1). Until
1998–2000, the annual incidence rate was higher in women,
and from 1998–2000 to 2013–2015 turn out to be higher in men
(Fig. 1).
The average increase in DM incidence rate was 4.29%
(CI95% 3.80–4.80) per year under study. In men  the annual
trend was also of increase (5.16% [CI95% 4.47–5.86]) as well
as in women, although slighter for the latter (4.29% [CI95%
3.80–4.80]).
3.2.  Total  and  sex  stratiﬁed  projected  incidence
The incidence rate projected for 2022–2024 was 972.77/105
5 5s incidence from 1992 to 2015 and projections for 2024: A Portuguese
.org/10.1016/j.pcd.2016.05.003
inhabitants in total (CI95% 864.05/10 –1081.49/10 ), and
846.74/105 (CI95% 707.98/105–985.49/105) and 1114.42/105
(CI95% 944.13/105–1284.72/105), respectively, in women and
men  (Fig. 1).
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1992-
1994
1995-
1997
1998-
2000
2001-
2003
2004-
2006
2007 -
2009
2010 -
2012
2013 -
2015
2016 -
2018
2019 -
2021
2022 -
2024
Women CI95% lo wer 578.64 642.7 3 707.98
Women 280.89 283.78 318.38 312.7 3 493.1 0 514.4 1 562.3 4 586.6 5 696.0 2 770.6 7 846.74
Women CI95% up per 813.41 898.6 1 985.49
Men CI95% lo wer 747.99 845.8 5 944.13
Men 240.96 264.58 331.46 415.6 5 552.7 4 604.0 5 741.6 6 678.8 7 893.6 2 1003.8 5 1114.42
Men CI95% up per 1039.26 1161.8 5 1284.72
Total CI95% lo wer 696.97 780.1 1 864.05
Total 261.65 274.53 324.69 362.3 7 521.8 0 557.4 0 647.9 1 630.4 2 789.5 7 880.7 4 972.77
Total CI95% upper 882.16 981.3 6 1081.49
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wig. 1 – Diabetes Mellitus annual incidence rate progression
nd projections for 2024, sex stratiﬁed.
.3.  Age  stratiﬁed  incidence
s expected, there were observed greater DM incidence rate
stimates in the oldest age groups. Generally, in men  the age
roup with a greater incidence rate was the 55–64 years old
Fig. 2) and in women it was the 65–74 years old age group
Fig. 3).
There was a signiﬁcant annual increase in DM incidence
ate in the age groups above the 55 years old. The greater
ncrease was seen in men  in the 75+ age group (7.05% per year
IC95% 5.52–8.60]).
.4.  Age  stratiﬁed  projected  incidence
he higher incidence rate projected for 2022–2024 was,
n women, in the age group 65–74 years old (1730.06/105
nhabitants [CI95% 1430.56–2029.56]) and, in men, in the
ge group 55–64 years old (2412.22/105 inhabitants [CI95%
569.47–3254.97]) (Figs. 2 and 3).
.  Discussion
here was an increasing trend in the DM incidence in the time
eriod under study, from 1992 to 2015. We propose that this
ncrease can be related with three main possible reasons that
ould be acting jointly or individually. On one hand, it could
e associated with an increase in the prevalence of obesity in
ortugal [15], as obesity is known in the literature as one of the
ain risk factors for type 2 diabetes [5]. On the other hand, it
ould also be related with the increasingly pronounced popu-
ation aging, since the estimates of the DM incidence in thisPlease cite this article in press as: M. de Sousa-Uva, et al., Trends in diabete
General Practitioner’s Network study, Prim. Care Diab. (2016), http://dx.doi
tudy are higher at older ages and there is evidence that the
verall DM increases with age [16]. Finally, it could also be asso-
iated with the changing in Diabetes diagnosis criteria, in 2002,
hich eventually could justify a higher number of diagnosede population under observation from GP Sentinel Network
cases in recent years [17]. Following the known distribution of
diabetes new cases by age group, we  expect that type 2 dia-
betes represent the largest number of the observed diabetes
cases reported here by the GP sentinel network, and thus also
of the projected rates.
The inversion of diabetes incidence estimates among men
and women, until 1998–2000 higher in females, and after
that time period higher in males, it is as far as we know
not described in the national literature, although already
described in the international literature [18]. However, it seems
consistent with available prevalence data, where men are
more affected by diabetes than women [7]. Such an event may
be associated with an increase in the disease diagnosis in men
due to the increased demand for health care in recent years by
this group. On the other hand, may be due to positive changes
in eating behaviors more  pronounced in women in the last
years [8,19]. It could be even because of a greater frequency of
obesity in recent years in men  [8].
In what concerns DM incidence rate projections, based on
the most likely scenario, we  projected that the number of new
cases of individuals with diagnosed diabetes in Portugal will be
972.77/105 habitants by 2022–2024. The ﬁtted model actually
produced estimates which seemed similar to those observed.
This is the ﬁrst study in Portugal that estimates projec-
tions for diabetes incidence, so we have no term of comparison
nationally. However, our results seem reasonable when com-
pared to the United States (U.S.) population whose incidence
projections are from 800/105 habitants in 2008 to 1500/105
habitants in 2050 [20].
The increase in diabetes incidence projected here could be
largely attributable to two major demographic factors, similar
to those pointed by Boyle and colleagues [20]: (1) Portugueses incidence from 1992 to 2015 and projections for 2024: A Portuguese
.org/10.1016/j.pcd.2016.05.003
population aging; and (2) increasing size of higher risk groups.
Furthermore, the projections we report suffer from several
limitations, such as not being able to discern between type
1 and type 2 diabetes. Other relevant limitations include not
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1992-
1994
1995 -
1997
1998 -
2000
2001 -
2003
2004 -
2006
2007 -
2009
2010 -
2012
2013 -
2015
2016 -
2018
2019 -
2021
2022 -
2024
0-14 13.58 12.6 2 27.74 31.5 4 16.8 4 5.1 2 0.0 0 67.0 1 27.0 1 29.1 7 31.49
15-24 11.08 19.0 0 16.59 12.9 6 34.7 1 28.0 4 33.9 9 35.4 7 42.9 0 46.7 7 50.64
25-34 46.58 29.4 8 52.93 161.1 9 79.7 0 99.1 4 87.3 3 91.1 9 145.9 3 170.4 8 199.17
35-44 171.17 176.5 3 268.8 9 378.7 0 460.1 9 376.4 8 415.8 5 225.3 7 529.0 6 573.6 8 618.30
45-54 563.21 576.0 5 642.2 0 948.4 0 995.7 0 1051.1 1 991.6 4 1059.7 5 1288.4 8 1383.0 5 1477.62
55-64 677.39 738.8 7 830.7 4 981.7 9 1375.9 4 1590.2 4 2222.9 9 1530.0 7 2051.6 6 2231.9 4 2412.22
65-74 658.44 723.3 2 958.8 0 817.2 4 1347.4 3 1467.1 1 1674.4 8 1684.8 6 1922.4 1 2085.3 7 2248.33
75+ 337.95 436.9 0 499.0 0 478.6 0 950.9 4 956.2 2 1223.8 2 1273.5 0 1387.0 1 1521.9 2 1656.82
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Fig. 2 – Men  Diabetes Mellitus annual incidence rate progression in the population under observation from GP Sentinel
Network and projections for 2024, age group stratiﬁed.
taking into consideration possible effects of local initiatives
concerning diabetes prevention in Portugal and the drop in
the population under effective observation from the GP Sen-
tinel Network since 1992 to nowadays. Both these limitations
may, eventually, reduce the projected diabetes incidence rates.
The drop in the population under effective observation could
be associated with new tasks attributed to GPs medical spe-
cialty in the last few years in Portugal, which could gave them
less time to notify the new cases of disease in their patient
lists. This is in fact the reason pointed out by the largestPlease cite this article in press as: M. de Sousa-Uva, et al., Trends in diabete
General Practitioner’s Network study, Prim. Care Diab. (2016), http://dx.doi
number of GPs who left the network. On the other hand,
simultaneously, the primary care system has been recently
restructured in Portugal, which could also explain some
1992-
1994
1995-
1997
1998-
2000
2001-
2003
2004-
2006
2
0-14 8.10 18.25 9.49 33.67 10.59 1
15-24 10.73 15.99 13.22 0.00 44.37
25-34 43.28 45.36 56.37 31.36 57.09 4
35-44 190.96 171.68 183.58 200.92 270.63 2
45-54 530.06 436.83 508.45 600.40 762.70 7
55-64 744.76 677.84 802.06 576.37 1163.40 11
65-74 714.29 865.82 870.77 856.21 1157.17 12
75+ 439.50 442.16 493.07 510.79 907.59 10
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Fig. 3 – Women Diabetes Mellitus annual incidence rate progress
Network and projections for 2024, age group stratiﬁed.dissatisfaction with the working conditions. Additionally,
many  of the doctors who were part of the GPs network when
it was created are now passing through a retirement process.
This drop in the population under effective observation could
eventually be responsible for a reduction in the projected dia-
betes incidence rates, because the GPs who remained in the GP
Sentinel Network could be those particularly interested in the
reported diseases. The other GPs who left the network, could
not have reported as well in older years, since they did not
have so much attention and interest in the health problemss incidence from 1992 to 2015 and projections for 2024: A Portuguese
.org/10.1016/j.pcd.2016.05.003
under study and in the GP network. If this “less motivated GPs”
continued in the sentinel network, it should be observed even-
tually lower incidence rates, which could result in a decrease
007-
2009
2010-
2012
2013-
2015
2016-
2018
2019-
2021
2022-
2024
0.79 12.50 27.54 18.75 19.98 21.30
0.00 34.41 0.00 25.87 28.16 30.66
0.69 121.29 71.29 79.91 86.54 93.71
69.31 212.49 169.14 269.97 283.29 297.28
30.57 658.43 745.24 845.91 892.54 939.18
56.66 1305.21 1190.29 1384.56 1473.73 1562.90
32.73 1391.75 1403.58 1527.53 1628.79 1730.06
08.85 985.06 1142.75 1247.61 1356.23 1464.85
15 and  projecons unl 2024, in 
e group
ion in the population under observation from GP Sentinel
ARTICLE IN PRESSPCD-531; No. of Pages 5
 e s x
o
s
f
o
c
o
l
t
t
t
g
m
g
p
t
c
o
s
t
c
t
t
C
T
A
T
t
w
t
rp r i m a r y c a r e d i a b e t
f the projections here reported. Quite the opposite, unfore-
een increases in life expectancy or the implementation of
urther diabetes screening actions may increase the number
f newly  diagnosed diabetes cases. Also, changes in diagnostic
riteria could affect incidence rates, as well as the increased
r decreased access to medical care.
We have assumed a linear increase in diabetes incidence
ike Boyle et al., 2001 [21]. However, diabetes incidence seemed
o rise differently until 2003 and after this time period. Should
he rise in diabetes incidence rates be nonlinear, our projec-
ions may be overestimated. Nonetheless, we  argue that the
eneralized linear model used is a consistent and widely used
ethod useful for a ﬁrst approach to this subject in Portugal
iving the GPs Sentinel Network data set [12,14].
Finally, it should be noticed that the disturbing reported
rojections seem realistic if the circumstances continue as in
he past, with no major Public Health changes occurring con-
erning diabetes. For an instance, the projected increase of
lder people with diabetes underlines the need for a better
upport of social and healthcare services in this age group.
Effective Public Health policies will need to be undertaken
o minimize this alarming future scenario. Actually, this study
ould give some support for Public Health goals design in order
o minimize the impact of diabetes in the Portuguese popula-
ion in future years.
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